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Interaction of different potassium channels in cardiac
repolarization in dog ventricular preparations: role of
repolarization reserve
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1 The aim of this study was to investigate the possible role of the interaction of different potassium
channels in dog ventricular muscle, by applying the conventional microelectrode and whole cell
patch-clamp techniques at 37°C.

2 Complete block of Ix, by 1 um dofetilide lengthened action potential duration (APD) by
45.6+3.6% at 0.2 Hz (n=13). Chromanol 293B applied alone at 10 uM (a concentration which
selectively blocks Ik;) did not markedly lengthen APD (<7%), but when repolarization had already
been prolonged by complete Ik, block with 1 uM dofetilide, inhibition of Ik with 10 uM chromanol
293B substantially delayed repolarization by 38.5+8.2% at 0.2 Hz (n=6).

3 BaCl,, at a concentration of 10 uM which blocks Ix; without affecting other currents, lengthened
APD by 33.0+3.1% (n=11), but when Iy, was blocked with 1 um dofetilide, 10 um BaCl, produced
a more excessive rate dependent lengthening in APD, frequently (in three out of seven preparations)
initiating early afterdepolarizations.

4 These findings indicate that if only one type of potassium channels is inhibited in dog ventricular
muscle, excessive APD lengthening is not likely to occur. Dog ventricular myocytes seem to
repolarize with a strong safety margin (‘repolarization reserve’). However, when this normal
‘repolarization reserve’ is attenuated, otherwise minimal or moderate potassium current inhibition
can result in excessive and potentially proarrhythmic prolongation of the ventricular APD.
Therefore, application of drugs which are able to block more than one type of potassium channel is
probably more hazardous than the use of a specific inhibitor of one given sort of potassium channel,
and when simultaneous blockade of several kinds of potassium channel may be presumed, a detailed
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study is needed to define the determinants of ‘repolarization reserve’.
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Introduction

Lengthening of cardiac action potential duration (APD) is an
important mode of action of antiarrhythmic drugs (Singh &
Vaughan Williams, 1970). Several non-cardiac drugs also
prolong repolarization in the ventricular muscle and Purkinje
fibres (Pinney et al., 1995; Gintant et al., 2001) by inhibition
of one or more potassium currents (Antzelevitch ez al., 1996;
Rampe & Murawsky, 1997, Ducic et al., 1997; Drici &
Barhanin, 2000). This latter phenomenon is an undesirable
effect since it is known that prolongation of cardiac APD, in
certain situations, may lead to proarrhythmic complication
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(torsade de pointes ventricular tachycardia), thereby increas-
ing drug induced overall mortality.

Ventricular repolarization is governed by a fine balance of
inward currents, such as the fast sodium (/n,) and the L-type
calcium (Ic,) currents, and outward currents, such as the
transient outward (/,), rapid delayed rectifier (/k.), slow
delayed rectifier (/xs) and inward rectifier (/k;) potassium
currents. Under normal conditions impairment or block of
one type of outward potassium channels can not be expected
to cause excessive and potentially dangerous APD lengthen-
ing, since the other potassium currents may provide sufficient
repolarizing capacity, which can be considered as a
‘repolarization reserve’. However, in situations where the
density of one or more types of potassium channel is
decreased by inheritance or remodelling (Roden et al., 1996;
Tomaselli & Marban, 1999) inhibition of other potassium
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channels may lead to unexpectedly augmented APD
prolongation, resulting in proarrhythmic reactions. In genetic
channelophathies certain potassium channels, which normally
contribute to repolarization, can attenuate the capability of
the heart to repolarize.

Recently, we have found that selective Iy, block only
minimally lengthens repolarization in normal dog ventricular
muscle, but when the ‘repolarization reserve’ is attenuated by
E-4031 and veratrine (Varrd et al, 2000) Ixs block
substantially delays repolarization. It was therefore of interest
to further investigate the possible role of the ‘repolarization
reserve’ and the interaction of different potassium channels in
cardiac repolarization in dog ventricular muscle.

Methods

All experiments were carried out in compliance with the
Guide for the Care and Use of Laboratory Animals (U.S.A.
NIH publication No 85-23, revised 1985). The protocols were
approved by the Review Board of the Committee on Animal
Research of the University of Szeged (54/1999 OEj).

Conventional microelectrode technique

Adult mongrel dogs (8—14 kg) of either sex were used.
Following anaesthesia (sodium pentobarbitone, 30 mg kg™'
administered intravenously), the heart of each animal was
rapidly removed through right lateral thoracotomy. The
hearts were immediately rinsed in oxygenated Tyrode’s
solution containing (in mM): NaCl, 115; KCl, 4; CaCl,, 1.8;
MgCl,, 1; NaHCO3;, 20; and glucose, 11. The pH of this
solution was 7.40—7.45 when gassed with 95% O, and 5%
CO, at 37°C. Tip of the papillary muscles obtained from the
right ventricle were individually mounted in a tissue chamber
(volume =~ 50 ml). Each ventricular preparation was initially
stimulated (HSE (Hugo Sachs Elektronik) stimulator type
215/I1, March-Hugstetten, Germany) at a basic cycle length
of 1000 ms (frequency=1 Hz), using 2 ms rectangular
constant voltage pulses isolated from ground and delivered
across bipolar platinum electrodes in contact with the
preparation. Each preparation was allowed at least 1 h to
equilibrate while they were continuously superfused with
Tyrode’s solution. Temperature of the superfusate was kept
constant at 37°C. Transmembrane potentials were recorded
using conventional microelectrode techniques. Microelec-
trodes filled with 3M KCI and having tip resistances of 5—
20 MOhm were connected to the input of a high impedance
electrometer (HSE microelectrode amplifier type 309), which
was connected to ground. The first derivative of transmem-
brane potentials was electronically obtained by an HSE
differentiator (type 309). The voltage outputs from all
amplifiers were displayed on a dual beam memory oscillo-
scope (Tektronix 2230 100 MHz digital storage oscilloscope,
Beaverton, OR, U.S.A.).

The maximum diastolic potential, action potential ampli-
tude and APD measured at 50 and 90% repolarization
(APDsg.99) were obtained using a software developed in our
department (HSE-APES) on an IBM 386 microprocessor
based personal computer connected to the digital output of
the oscilloscope. After control measurements the prepara-
tions were superfused for 60 min with Tyrode’s solution

containing the compound under study, and then the
electrophysiological measurements were resumed. Chromanol
293B (gift from Aventis Pharma, Frankfurt, Germany) and
dofetilide (Institute for Drug Research, Budapest, Hungary)
were dissolved in 100% DMSO to make 1 mM and 10 mM
stock solutions. The stock solutions were further diluted in
the tissue bath to obtain the desired final drug concentra-
tions.

Whole cell configuration of the patch-clamp technique

Ventricular myocytes were enzymatically dissociated from
hearts of mongrel dogs of either sex weighing 10—-20 kg
following anaesthesia (sodium pentobarbitone, 30 mg kg~!
1.v.) as described earlier in detail (Varro et al., 2000).

One drop of cell suspension was placed within a
transparent recording chamber mounted on the stage of an
inverted microscope (TMS, Nikon, Tokyo, Japan), and
individual myocytes were allowed to settle and adhere to
the chamber bottom for at least 5 min before superfusion was
initiated. Only rod shaped cells with clear cross striations
were used. HEPES buffered Tyrode’s solution served as the
normal superfusate. This solution contained (mM): NaCl 144,
NaH,PO, 0.33, KCl 4.0, CaCl, 1.8, MgCl, 0.53, Glucose 5.5,
and HEPES 5.0 at pH of 7.4.

Patch-clamp micropipettes were fabricated from borosili-
cate glass capillaries (Clark, Reading, U.K.) using a P-97
Flaming/Brown micropipette puller (Sutter Co, Novato, CA,
U.S.A.). These electrodes had resistances between 1.5 and
2.5 MQ when filled with pipette solution containing (in mMm):
K-aspartate 100, KCI 45, ATP 3, MgCl, 1, EGTA 10 and
HEPES 5. The pH of this solution was adjusted to 7.2 by
KOH. Cell capacitance (214.4+26.2 pF, n=50) was mea-
sured by applying a 10 mV hyperpolarizing pulse from
—10 mV. The holding potential was —90 mV. The capacity
was measured by integration of the capacitive transient
divided by the amplitude of the voltage step (10 mV).
Measuring K™ currents, nisoldipine (1 um) (gift from Bayer
AG, Leverkusen, Germany) was added to the external
solution to eliminate inward L-type Ca®* current (Ic,). The
rapid Ig, and slow Ixs components of the delayed rectifier
potassium current were separated by using the selective Iy,
blocker E-4031 (1 uM, Institute for Drug Research, Budapest,
Hungary) or the Ik blocker 1.-735,821 (100 nM, a gift from
Merck-Sharpe & Dohme, West-Point, PA, U.S.A.). Mem-
brane currents were recorded with Axopatch-1D and 200B
patch-clamp amplifiers (Axon Instruments, Union City, CA,
U.S.A.) using the whole-cell configuration of the patch-clamp
technique. After establishing a high (1—10 Gohm) resistance
seal by gentle suction, the cell membrane beneath the tip of
the electrode was disrupted by suction or by application of
1.5 V electrical pulses for 1—5 ms. The series resistance was
typically 4—8 MQ before compensation (50—80%, depending
on the voltage protocols). Experiments where the series
resistance was high, or substantially increased during
measurement, were discarded. Membrane currents were
digitized using a 333 kHz analogue-to-digital converter
(Digidata 1200, Axon Instruments) under software control
(pClamp 6.0 and 7.0 Axon Instruments). Analyses were
performed using Axon (pClamp 6.0) software after low-pass
filtering at 1 kHz. All patch-clamp data were collected at
37°C.
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Statistical analyses

Results were compared using Student’s -tests for paired and
unpaired data. Differences were considered significant when
P<0.05. Data are expressed as mean +s.e.mean.

Results

Effect of 1x, and combined 1, and 1, inhibition
on the APD

Chromanol 293B is considered as an effective and relatively
selective blocker of Ixs (Busch et al, 1996). In our
experiments we used 10 uM chromanol 293B since at higher
concentrations the compound was reported also to block 7,
(Bosch er al., 1998; Sun et al., 2001) or possibly other
current(s). In order to establish the selectivity of chromanol
293B on Ixs; we have investigated the possible effects of
chromanol on various transmembrane potassium currents. In
all experiments L-type calcium current (Ic,) was fully blocked
by addition of 1 uM nisoldipine.

Ix; was measured by applying 36 s ramp pulses from
—120 mV to +60 mV from the holding potential of
—90 mV at the pulse frequency of 0.02 Hz. As Figure 1A
shows the current traces, which represent Iy, were over-
lapping and therefore indistinguishable from each other
indicating that 10 uM chromanol 293B did not affect Ik;.
The transient outward current (/) was elicited by 300 ms
test voltage pulses from —20 to 50 mV from the holding
potential of —90 mV and with 0.33 Hz pulse frequency. The
amplitude of the current was determined as the difference of

I control
K1
0nA - -—-

< 10 pM chromanol 293B

hid 60 mV

_AI_-QO mv
-120 mV
420 80 40 O 40 (mV)

Figure 1

the peak current at the start of the pulse and the current level
measured at the end of the pulse. Figure 1B and Table 1
show that 10 uM chromanol 293B did not affect significantly
I,. The rapid delayed rectifier current (Ix,) was measured by
0.5—1 s test voltage pulses from —10 to 50 mV with pulse
frequency of 0.05 Hz. The holding potential in these
experiments was —40 mV. The deactivating so-called tail
current was measured as I, after returning the voltage from
the test potential to —40 mV. The amplitude of the Ik, tail
current was determined as the difference between the peak
tail current and the holding current level at —40 mV. Figure
1C and Table 1 show that chromanol 293B, even at the high
100 uM concentration, exerted only minimal effect on Iy,. In
these experiments /g, was blocked by 100 nm L-735,821.

The slow delayed rectifier (I/x;) was measured by 5 s test
voltage pulses from —20 to +50 mV with the pulse
frequency of 0.1 Hz. The holding potential in these
experiments was —40 mV. Ix, was completely blocked by
2 uM E-4031. The deactivating [ tail current was measured
after returning the voltage from +50 mV to —40 mV. The
amplitude of the Ik, tail current was determined as the
difference between the peak tail current and the holding
current level at —40 mV. Figure 1D and Table 1 show that
10 uM chromanol 293B caused a more than 50% inhibition
of IKS~

These experiments suggested that chromanol 293B at
10 uMm can be applied as a tool inhibiting [Ixs rather
specifically.

Figure 2 shows that 10 uM chromanol 293B alone
lengthened APD only to a small extent (<7%) in dog right
ventricular papillary muscle at stimulation cycle lengths
ranging from 300 to 5000 ms. However, when the same

<+——control
10 uM chromanol 293B

300 ms
50 mv

1000 ms

Effect of chromanol 293B on the inward rectifier (I), transient outward (I,,), rapid delayed rectifier (/x,) and slow

delayed rectifier (Ixs) potassium currents in dog ventricular myocytes. When measuring I, L-735,821 (0.1 um) was used to
completely block Iks, and E-4031 (2 um) was applied to block Ik, when measuring /. The applied voltage protocols are shown in
the insets and explained in the text in more detail. In all experiments /-, was fully blocked by addition of 1 uM nisoldipine. The

dotted lines represent the zero current levels.
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Table 1 Effect of chromanol 293B and BaCl, on various potassium currents in dog ventricular myocytes

Current Control (pA/pF) Chromanol 293B (10 um) (pA/pF) Control (pA/pF) BaCl, (10 um) (pA/pF)
Ix; (at —60 mV) 2.034+0.12 (n=9) 1.93+0.11 1.654+0.05 (n=38) 0.66+0.04*

I, (at 50 mV) 16.35+1.71 (n=10) 15.60+1.69 11.454+1.04 (n=75) 12.354+1.53

Ixs (at —40 mVY) 1.53+0.31 (n=9) 0.65+0.14* 2.204+0.43 (n=5) 2.4140.30

Control Chromanol 293B (100 um) Control BaCl, (10 um)
(PA/pF) (PA/pF) (PA/pF) (pA/pF)
Iy, (at —40 mVi) 0.324+0.03 (n=13) 0.2940.02* 0.274+0.04 (n=5) 0.25+0.04

*P<0.05 compared to control values; Tfrom 50 mV test potential; ffrom 30 mV test potential, Values are mean =+ s.e.mean.
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Figure 2 Frequency dependent effect of Ik block (chromanol 293B) on the action potential duration in dog right ventricular
papillary muscle. Note that the error bars are often smaller than the corresponding symbols.

concentration of chromanol 293B was added to preparations
in which Ix, was previously blocked by the specific Ik,
blocker dofetilide (1 um), it induced a marked and significant
further prolongation of the APD (Figure 3), suggesting a
strong additive effect of the two compounds.

Effect of 1x; and combined 1y, and g, inhibition
on the APD

It was reported that a low concentration of BaCl, inhibited
Iy, in cardiac myocytes (Liu et al., 2001). Iy, and I, were
measured as previously described. Since BaCl, markedly
reduced [Ik;, which appeared as a voltage independent
background current when measuring Iy, and Ixs the
following protocols were applied to determine the effect of
BaCl, on Iy, and I, First the previously described voltage
protocols were used in control condition. Then 10 um BaCl,
was added, and the voltage protocols were repeated. To
distinguish between the effect of BaCl, on Ix; and Ix,/Iks,
2 uM E-4031 or 100 nM L-735,821 were added to the tissue
bath and measurements were repeated again. Subtracting
current traces after application of the specific blockers for Iy,

or I in the presence of BaCl, resulted in E-4031 or L-
735,821 sensitive currents, which can be considered as Ik, or
Ixs, respectively. These E-4031 and L-735,821 sensitive
currents, in the presence of BaCl,, were compared to control
I, and I measurement to determine the possible effect of
10 um BaCl, on Ik, and Ixs. As Figures 4B,C,D and Table 1
show, 10 uMm BaCl, did not significantly affect /,,, Ik, and
I,. Figure 4A and Table 1 indicate, however, that 10 um
BaCl, inhibited Iy very effectively (>70%) suggesting that at
this concentration BaCl, can be used as a rather selective tool
to inhibit IKI'

Figure 5 shows that 10 uM BaCl, alone lengthened APD in
a reverse rate dependent manner inducing APD prolongation
of 9.4+2.1% at cycle length of 300 ms (=11, P<0.05) and
33.0+3.3% at cycle length of 5000 ms (n=11, P<0.05).
When the same concentration of BaCl, was applied but to
preparations in which Ix, was previously blocked by 1 um
dofetilide, BaCl, induced a more excessive reverse-rate
dependent further prolongation of APD (Figure 6). This
excessive APD lengthening at long cycle lengths frequently
(in three out of seven experiments) resulted in early
afterdepolarizations (EADs) as shown in Figure 7).

British Journal of Pharmacology vol 137 (3)
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Figure 3 Frequency dependent effect of Ik, (dofetilide) and combined Ik, (dofetilide) and Ixs (chromanol 293B) block on the
action potential duration in dog right ventricular papillary muscle. Note that the error bars are often smaller than the corresponding
symbols, and the drug combination augmented the reverse rate dependent APD prolongation.
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Figure 4 Effect of BaCl, on the inward rectifier (/x;), transient outward (/,,), rapid delayed rectifier (/x,) and slow delayed rectifier
(Ik,) potassium currents in dog ventricular myocytes. For measuring the effect of BaCl, on Ik, the following protocol was used; (1)
current recording under control conditions; (2) current recording in the presence of 10 um BaCl,; (3) current recording after
application of 2 uM E-4031 (in the presence of 10 um BaCl,). Subtracting (3) from (2) gave the E-4031 sensitive current (i.e. Ix,) in
the presence of 10 um BaCl,. For measuring the effect of BaCl, on Ik a similar protocol was used but 0.1 um L-731,821 was
applied for determining /. The applied voltage protocols are shown in the insets, and explained in the text in more detail. In all
experiments /-, was fully blocked by addition of 1 uM nisoldipine. The dotted lines represent the zero current levels.

Discussion In our experiments 10 uM chromanol 293B and 10 um

BaCl, were applied in order to partially but selectively inhibit
The most important finding of this study is that Ixg or I, Iy, and I, respectively. To apply these two agents at higher
inhibition resulted in an augmented reverse rate dependent concentrations in which they would cause complete block of
repolarization lengthening in the presence of Ik, block. Ixs and Ix; was hampered by their known capability to

British Journal of Pharmacology vol 137 (3)
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Figure 5 Frequency dependent effect of Ik block (BaCl,) on the action potential duration in dog right ventricular papillary
muscle. Note that the error bars are often smaller than the corresponding symbols.

A CONTROL

B 1 yM DOFETILIDE
9001

@ 1 pM DOFETILIDE + 10 pM BaCl,
8001 n=7

7001
6001

5001

APDygy, (ms)

4001

3001

200'1

100- T T

0.3 1 2 3 4
Cycle length (s)

50 mV

200 ms cycle length = 1000 ms

CONTROL
1 UM DOFETILIDE
1 uM DOFETILIDE + 10 yM BaCl,

oN)

50 mV

—
200 ms

cycle length = 5000 ms

Figure 6 Frequency dependent effect of Ik, (dofetilide) and combined I, (dofetilide) and Ik, (BaCl,) block on the action potential
duration in dog right ventricular papillary muscle. Note that the error bars are often smaller than the corresponding symbols, and
the drug combination augmented the reverse rate dependent APD prolongation.

inhibit various other potassium channels (Bosch et al., 1998;
Weerapura et al., 2000; Sun et al., 2001). However, at the
concentration of 10 uM, as our Figures demonstrate (Figures
1 and 4), they can be regarded as fairly selective blockers of
Ik or Iy, respectively. In spite of this, it can not be entirely
ruled out that chromanol 293B and BaCl, at the applied
concentration, can affect other, so far uninvestigated,
transmembrane cardiac ion channels or electrogenic transport
mechanisms. Further studies would be worthwhile to rule out
or establish such possibilities.

Our results are in good agreement with the results of
previous studies. Our recent findings indicate that chromanol
293B alone only slightly lengthens APD in dog papillary
muscle, but when APD is lengthened by previous superfusion
of E-4031 and veratrine chromanol 293B resulted in a
marked prolongation of APD (Varrd et al., 2000) which
can be explained by the kinetic properties of Ik Accord-
ingly, at longer APD I, has more time to be activated and
thereby it can more importantly contribute to repolarization.
This led us to conclude that Ixg could provide an important

British Journal of Pharmacology vol 137 (3)
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Figure 7 Early afterdepolarization (EAD) evoked by the combined
I, (dofetilide) and Ix; (BaCl,) block in dog right ventricular
papillary muscle.

means of limiting excessive APD lengthening when action
potentials are prolonged beyond normal by other mechan-
isms. In the present work we extended this previous
observation, suggesting now that any kind of additive
potassium channel block would greatly limit the capability
of the ventricular muscle to repolarize.

Vos et al. (1995) developed an experimental torsade de
pointes arrhythmia model in dogs, in which they found that
after complete chronic atrioventricular block downregulation
of Ixs and I, can be observed (Volders et al., 1999). These
animals showed longer QTc interval and monophasic APD,
and had augmented susceptibility to develop torsade de
pointes ventricular tachycardia after administration of certain
Class III antiarrhythmic drugs (Verduyn et al., 1997). It is
also known that various potassium channels are down-
regulated during heart failure (Nédbauer & Kdiidb, 1998),
resulting in longer APD (Kéddb et al., 1996) and in increased
risk of proarrhythmia.

In some forms of inherited long QT syndrome, like LQT1
and LQT2 (Roden et al., 1996; Priori et al., 2001), loss of
functional potassium channel proteins or possible decrease of
their density does not always result in marked or manifest
QTc lengthening (Swan et al., 1998; Priori et al., 1998). These
patients, however, are susceptible to drugs, which can further
depress the function of different types of potassium channels,
and in such patients this can cause excessive and unexpected
APD lengthening, often inducing torsade de pointes
tachycardia. These observations strongly argue for the role
of the so-called ‘repolarization reserve’ i.e. that different
potassium channels may compensate each other to secure the
repolarization process (Roden, 1998).

Similar to our results, very recently, Burashnikov &
Antzelevitch (2002) reported that attenuation of the repolar-
ization reserve by combining [k, and Ik, block can result in
excessive APD lengthening and development of EADs.

The present experiments may have some important
therapeutical and practical implications. Based on these
results it seems obvious that in situations where the
‘repolarization reserve’ is decreased, otherwise minor loss of
the function of the potassium channels may lead to excessive
repolarization lengthening and under certain conditions to

development of torsade de pointes arrhythmia. Therefore,
patients admitted to hospital should be carefully tested how
they respond to Class III antiarrhythmic drugs, and only
those patients should receive long-term out of hospital
treatment who respond to these drugs with QTc lengthening
within the expected range. Similar conclusion can be drawn
also from DIAMOND trial (Brendorp et al., 2001) as well,
since dofetilide treatment proved to be neutral concerning
overall mortality, but in a subgroup when mortality was
related to QTc lengthening it was found that in patients in
whom QTc lengthening was less, the dofetilide induced
mortality figures tended to be favourable, but in patients
where the QTc lengthening was above average, after
dofetilide treatment, the mortality ratio was somewhat
increased.

Another possible implication of our study is that we should
re-evaluate our safety pharmacology concepts related to drug
induced QTc lengthening. Most of the routine safety
pharmacology investigations are carried out in channel
expression systems or in in vitro and in vivo tests performed
in normal preparations where the ‘repolarization reserve’ is
intact, frequently even at fast heart rates. In these situations
the possible proarrhythmic danger of both cardiac and
noncardiac investigational compounds is often underesti-
mated, since the drugs may not cause significant APD
lengthening under normal conditions, but in patients where
the ‘repolarization reserve’ is impaired, the risk for excessive
APD prolongation and consequently for torsade de pointes
arrhythmia is greatly enhanced. Therefore, the preclinical
safety pharmacology screenings should be extended to
preparations in which ‘repolarization reserve’ is attenuated.

In summary we can conclude that: (a) In the dog
ventricular muscle when only one type of potassium channels
is inhibited, excessive APD lengthening is not likely to occur.
This is probably due to the capability of the various
potassium channels to substitute each other. Dog ventricular
myocytes seem to repolarize with a strong safety margin
(‘repolarization reserve’). (b) When the normal ‘repolariza-
tion reserve’ is attenuated (due to drugs, remodelling or
genetic disorders), the otherwise minimal or moderate
potassium current inhibition can result in excessive and
potentially proarrhythmic prolongation of the ventricular
action potential duration. Also, application of drugs which
are able to block more than one type of potassium channels
is probably more hazardous than the use of specific inhibitors
of a given potassium channel. (c) We should re-evaluate our
safety pharmacology concept related to possible QT
lengthening effect of drugs to apply tests in preparations
where the ‘repolarization reserve’ is impaired instead of using
preparations where this reserve is normal.
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